Silver nanoparticles are used for delivering neurotropic agents to brain, increasing the bioavailability of insoluble drugs as well as for brain tumours treatment. Their effects upon brain excitability, especially under conditions of chronic epilepsy modelling are underinvestigated. The purpose of the study was to study the effects of silver nanoparticles upon pentylenetetrazol-induced kindled seizures in rats. Material and Methods. Experiments were performed on Wistar rats kindled during four weeks with pentylenetetrazol administrations in a dose of 30.0 mg/kg, i.p. Only rats, which demonstrated generalized clonic-tonic seizures in a response to each of three last epileptogen injections, were included into the study. Nanoparticles and ionized argentum were administered in a dosage of 0.2 mg/kg, i.p. Observation was performed in early and postponed period of kindling -in 24 h and three weeks from the moment of kindling induction, correspondently. Results and discussion. The calculation of the pentylenetetrazol dose, which effectively induced seizures in 50 % of kindled rats (ED 50 ), was performed in kindled animals in 24 h from the moment of last epileptogen administration was 22.0 mg/kg. In postponed period of kindling (three weeks from the moment of last pentylenetetrazol administration in a dose of 30.0 mg/kg, i.p.), ED 50 of pentylenetetrazol was 16.0 mg/kg. ED 50 of pentylenetetrazol, which induced clonic seizures in 50 % animals at the early stage of kindling, was recalculated following the administration of ionized and nanoparticle forms of silver, and were less when compared with such ones determined in the control group by 13.5 % (P>0,05) and 26.0 % (P<0,05) , respectively. In the postponed period of kindling ED 50 of ionized and nanoparticle forms of silver were less when compared with control by 20.0 % (P<0.05) and by 42.0 %, respectively (P<0.05). Significant difference was noted between groups treated with ionized and nanoparticle silver (P<0.05). The net intensification of pentylenetetrazol seizure manifestations was seen in kindled rats treated with silver nanoparticles, when seizure discharges amplitude achieved 1.0-1.2 mV and frequency of 3/sec, which exceeded the ones in rats treated with ionized silver. Conclusion. Silver nanoparticles induce the increase in seizures severity in pentylenetetrazol-kindled rats, and this effect was more pronounced at the postponed stage of kindling development.
Introduction
Nanotechnologies have been found to possess a great potential in the treatment of some diseases affecting brain tissue [1, 2] . Namely metal nanoparticles has been proven as an effective mean in the course of brain tumour treatment [1] ; neurotropic agents being encapsulated in polymeric nanoparticles show good bioavailability and are able to penetrate blood-brain barrier (BBB) effectively [3] . It has been shown that water insoluble antiepileptic drugs as nanoparticles display excellent pharmacokinetics during systemic administration [3] .
Phenytoin-contained liposomes demonstrate high level of antiseizure activity on modelled seizures induced with cAMP/EDTA in rats, and nanoparticles of blocker of NMDA receptor MRZ 2/576 exceed antiseizure activity of this compound delivered in free form in 10 times [3] . It has been shown that clonazepam being incorporated into solid lipid nanoparticles demonstrates better penetration through BBB and marked ability to prevent pentylenetetrazol-induced generalized seizures [2] . But the penetration worsened for clonazepam in mixed micelles form as well as antiseizure activity was also reduced.
The perspectives of further investigations of antiseizure effectiveness of nanoparticles should include models of chronic epilepsy, and namely pentylenetetrazol (PTZ)-induced kindling, which resembles main features of clinical forms of epilepsy [4] . Hence, the purpose of the study was to study the effects of silver nanoparticles on seizures induced in PTZ-kindled rats. Registration electrodes were implanted under Nembutal anesthesia ("Ceva", France, 40 mg/kg, i.p.): two into frontal and two into occipital regions in both hemispheres (coordinates: АР=1.2; L=3.0; H=1.0 and АР=7.8; L=3.0; H=1.0 correspondently) and into ventral hippocampus (AP=-4.3; L=4.5; H=8.0) [5] . Indifferent electrode was placed into nasal bones. Electrodes were fixed to the skull with dental cement. Starting one week after surgery, the rats were handled daily and adapted to the experimental setup. Monopolar EEG registration was started on the 7 th -14 th day from the moment of operation on "DX-5000" computer electroencephalograph (Charkiv, Ukraine).
Material and methods
Kindling in rats was induced using a subthreshold dose of PTZ (35.0 mg/kg, i.p.) ("Sigma Aldrich", USA) starting on the 10 th -14 th day following the surgery. The total of 21 injections with the epileptogen was given. Those animals, which demonstrated generalized clonic-tonic seizures as a response to each of the last three times of PTZ administration, were included into the study. Testing of behavioral reactions was conducted at 9:00 a.m. -12:00 p.m., in 24 hours and in three weeks after the last kindling administration of PTZearly and postponed period correspondently.
Thus, the rats were divided into the following groups:
Control group -animals with PTZ-induced kindling treated i.p. with 0.9% saline solution (10 rats);
The second control group -kindled with PTZ and treated with 2.0% colloid solution of ionized argentum (30 rats);
The third group -kindled with PTZ and treated with silver nanoparticles (30 nm), which were got via citrate method [6] (10 rats). The size of nanoparticles was controlled with the spectrometric absorption of light at 413 nm characteristic for the nanoparticles with the diameter of 30 nm [6] . Nanoparticles and ionized silver were administered in a dosage of 0.2 mg/kg, i.p. [7] .
The synthesis of silver nanoparticles was performed under the next parameters:
-equimolar concentrations of AgNO 3 and Na 3 C 6 H 5 O 7 : 5x10 -4 M;
-the concentrations ratio between AgNO 3 and Na 3 C 6 H 5 O 7 was 1:4;
-temperature of synthesis was 100°С; -period of synthesis was 60 min. ED 50 , of PTZ, which were able to induce clonic seizures in 50 % of experimental animals were determined during early and postponed periods of kindling; and the same indices under conditions of nanoparticles administration were verified as well.
Values were compared using one-way analysis of variance followed by a post hoc t-test. Values were presented as mean ± standard mean deviation, with findings of P<0.05 considered as significant.
Reuslts and discussion
The calculation of the PTZ dose, which was sufficient to induced seizures in 50 % of kindled rats (ED 50 ), was performed in kindled animals in 24 h from the moment of last epileptogen administration. It was established that after PTZ injection in a dose of 20.0 mg/kg, clonic seizures were registered in 3 out of 12 rats, and in two rats the generalized seizure fits were precipitated later on. The increasing of the PTZ dosage up to 25.0 mg/kg was followed by clonic seizures development in 8 out of 10 kindled rats, and in 5 out of them generalized seizure fits were registered. Hence, ED 50 of PTZ was 22.0 mg/kg. Injection of PTZ in the dosage of 15.0 mg/kg, i.p. in postponed period of kindling (three weeks from the moment of last PTZ administration in a dosage of 30.0 mg/kg, i.p.) was followed by clonic seizures development in half of experimental animals (4 rats). It should be highlighted that in 3 out of 4 those rats the generalized seizure fits were precipitated. Higher dosage of PTZ (25.0 mg/kg, i.p.) induced seizure reactions in more than 90% of kindled animals, and prevalent number of them (8 out of 10) demonstrated generalized clonic-tonic fits. Hence, ED 50 of PTZ in postponed period of kindling was 16.0 mg/kg. This value was reduced by 27.2 % when compared with that, which was observed at the beginning of kindling modelling (P<0.05).
ED 50 of PTZ, which induced clonic seizures in 50 % animals at the early stage of kindling and was recalculated after the administration of ionized and nanoparticle forms of silver were less when compared with such one determined in the control group by 13.5 % (P>0.05) and 26.0 % (P<0.05) correspondently (Fig. 1) .
In the postponed period of kindling, ED 50 of PTZ, which induced clonic seizures in 50 % animals after administration of ionized and nanoparticle forms of silver, were less when compared with control by 20.0 % (P<0.05) and by 42.0 % (P<0.05) ( Fig. 1 ). There was a significant reduction of investigated index in comparison with the rats treated with ionized silver (P<0.05).
EEG investigations revealed the appearance of spike-wave complexes with amplitude of 150-250 mcV and frequency of generation 7-11/sec in 5.0-7.5 min from the moment of PTZ administration in a dose of ED 50 (22.0 mg/kg, i.p., 24 h from the last kindled injection of epileptogen). During the next 5.0-10.0 min spike epileptic discharges were registered, which amplitude ranged from 0.2 up to 0.7 mV and frequency of generation from 15 to 30 per min (Fig. 2, A) .These presentations correlated with clonic seizures. The identical scheme of PTZ administration (22.0 mg/kg, i.p.), following the administration of silver nanoparticles, was followed by appearance of spike potentials with amplitude of 200-500 mcV and frequency of generation 15-25 per min in 2.5-5.0 min. Their amplitude and frequency rose during next 10 min up to 1.0-1.2 mV and 3/s correspondently (Fig. 2, B) . Such presentations were registered in all investigated brain structures during the following 20.0-40.0 min of observation. The generalized clonic-tonic seizure fits were registered during such synchronized EEG activity with postseizure depression. 3 out of 9 rats died of repeated seizure fits.
Hence, the obtained data revealed that under conditions of PTZ-induced kindling the net increasing of epileptic activity was observed following the administration of silver nanoparticles. Intensification of seizures was registered in the form of decreasing of ED 50 dose of PTZ, which caused the clonic seizures in 50% of kindled animals. The effect of facilitation of seizures was more pronounced in postponed kindled state known as resistant and more severe form of chronic brain epileptisation [4] . Administration of silver nanoparticles reduced ED 50 of PTZ by 42.0 %, and this reduction significantly (by 22.0 %) exceeded the reduction, which was observed in rats treated with ionized form of silver.
We should also note that ionized silver was also able to cause subtle proepileptogenic effects in postponed kindled period, which might be explained by the presence of some amount of nanoparticle form of silver in colloid silver solution [7] . Facilitation of seizure activity induced with silver nanoparticles might be explained by their induction of mitogenactivated protein-kinases [8] , as well as byoxidative stress and apoptosis activation [9, 10] .
The possible increasing of penetration of bloodbrain barrier, as a result of silver nanoparticle effects, which underlay facilitative action on PTZ seizures, might be used for better delivering antiepileptic drugs to brain tissue.
Conclusion
Silver nanoparticles are able to cause the increase in seizures severity in PTZ-kindled rats, and this effect is more pronounced during postponed stage of kindling development.
The perspectives for further research
It is planned to clarify facilitative effects of silver nanoparticles upon kindled epileptiform activity. 
